Cytochrome-P450 phosphorylation as a functional switch.
Xenobiotic metabolizing cytochromes P450 (CYP) were shown to be phosphorylated in vitro (using purified protein kinases together with purified CYPs), in intact cells (in V79 cells after transfection of cDNAs coding for individual CYPs, in diagnostic mutants, in hepatocytes), and in whole organisms (rats). CYP phosphorylation is highly isoenzyme selective in that only some CYPs are phosphorylated. Protein kinase A (PKA) was identified as a major catalyst for the phosphorylation of CYPs. The PKA recognition motif Arg-Arg-X-Ser is present in several members of the CYP2 family, but is used by only some of them, most notably by CYP2B1/2B2 and CYP2E1. For CYP2B1 it was shown that a substantial portion but not the entire pool of CYP2B1 molecules is phosphorylated and that the phosphorylated portion is catalytically fully inactive. Phosphorylation of CYPs is a very fast process (visible at the earliest time point experimentally investigated after introduction of phosphorylation-supporting measures, which was 2.5min) and the phosphorylated protein is immediately inactive (i.e., the time curves of phosphorylation and inactivation are superimposable). Thus in contrast to the slower process controlling CYP activities by enzyme induction, CYP phosphorylation controls CYP function like a switch. The physical entity of the switch was identified by site-directed mutation as the phosphoryl acceptor Ser in the PKA recognition motif, which is Ser(138) in CYPs 2B (rat CYP2B1 and rabbit CYP2B4) and its homologous Ser(139) in CYP2E1. The function of this switch was demonstrated for the drastic changes in the control of the genotoxic metabolites of mutagenic carcinogens as well as for the control of effectiveness versus unwanted toxicity of cytostatic cancer drugs.